PURPOSE-To evaluate the risk of and risk factors for hypopyon among patients with uveitis, and to evaluate the risk of visual changes and structural complications following hypopyon.
for incident hypopyon included Behçet's disease (adjusted relative risk (RR)=5.30, 95% confidence interval (CI): 2.76-10.2), diagnosis of a spondyloarthropathy (adjusted RR=2.86, 95% CI: 1.48-5.52), and HLA-B27 positivity (adjusted RR=2.04, 95% CI: 1.17-3.56). Patients with both a spondyloarthropathy and HLA-B27 tended to have higher risk than either factor alone (crude RR=4.39, 95% CI: 2.26-8.51). Diagnosis of intermediate uveitis (+/− anterior uveitis) was associated with a lower risk of hypopyon (with respect to anterior uveitis only, adjusted RR=0.35, 95% CI: 0.15-0.85). Hypopyon incidence tended to be lower among patients with sarcoidosis (crude RR=0.22, 95% CI: 0.06-0.90; adjusted RR=−0.28, 95% CI: 0.07-1.15). Post-hypopyon eyes and eyes not developing hypopyon had a similar incidence of band keratopathy, posterior synechiae, ocular hypertension, hypotony, macular edema, epiretinal membrane, cataract surgery, or glaucoma surgery. Post-hypopyon eyes were more likely than eyes which not developing hypopyon to gain 3 lines of vision (crude RR=1.54, 95% CI: 1.05-2.24) and were less likely to develop 20/200 or worse visual acuity (crude RR=0.41, 95% CI: 0.17-0.99); otherwise visual outcomes were similar in these groups.
CONCLUSIONS-Hypopyon is an uncommon occurrence in patients with uveitis. Risk factors included Behçet's disease, HLA-B27 positivity, and diagnosis of a spondyloarthropathy. Intermediate uveitis cases (+/− anterior uveitis) had lower risk of hypopyon than other forms of uveitis. On average, post-hypopyon eyes were no more likely than other eyes with uveitis to develop structural ocular complications or lose visual acuity.
Hypopyon-layering of white blood cells in the anterior chamber-signifies severe anterior segment intraocular inflammation. The frequency of hypopyon has been described in two small to moderate-sized series of patients with various types of uveitis. D'Alessandro et al retrospectively reviewed 155 cases of acute anterior uveitis and found 11 (7%) cases of hypopyon (duration of follow-up not reported), 9 of which were associated with HLA-B27. 1 BenEzra et al reviewed 49 patients with Behçet's disease, finding that 17 (35%) developed hypopyon over 6-10 years of follow-up. 2 The incidence of hypopyon for other forms of uveitis is unclear.
Data regarding the risk factors for hypopyon and regarding its prognostic significance are limited. Nussenblatt et al reported that the occurrence of hypopyon did not worsen the visual prognosis of patients with Behçet's disease. 3 However, the relationship between hypopyon and subsequent outcome in other forms of uveitis is not well understood.
In order to better characterize the risk and importance of hypopyon, here we report the incidence rate, the risk factors, and the risk of adverse outcomes in a large cohort of patients with uveitis.
Methods

STUDY POPULATION
The design of the Systemic Immunosuppressive Therapy for Eye Diseases (SITE) Cohort Study has been detailed elsewhere. 4 In brief, the SITE Cohort Study is a retrospective cohort study of patients with inflammatory eye diseases seen at five tertiary ocular inflammation centers in the United States from the inception of these centers. One of these centers used a comanagement approach, which resulted in ascertainment of clinical outcomes substantially later than they occurred. To avoid this bias, patients from this clinic were excluded from this report. Patients reported here were seen between 1978 and 2007.
DATA COLLECTION
Information on patients with inflammatory eye disease was entered into a database using a computer-based standardized data entry form set specifically prepared for the SITE Cohort Study. For this study, patients from four sites were included. . At the largest site clinic, an approximate 40% random sample of patients were included due to logistical and funding constraints. A random sampling was performed to avoid bias in selecting the sample to be studied. The data collection system included extensive intrinsic quality control checks, requiring correction of errors in real time. Only data from patients with non-infectious uveitis were included in the study; patients with known HIV infection were excluded.
Data collected that are relevant to this study include: demographic characteristics, ocular inflammatory diagnoses, diagnosis of systemic inflammatory disease(s), ophthalmologic examination findings, and ocular surgeries. HLA-B27 testing was done when clinically indicated based on symptoms and clinical findings. The possibility of systemic inflammatory disease diagnoses coexisting with ocular inflammation was aggressively pursued by routine questioning; laboratory testing and consultations were obtained when indicated. Systemic inflammatory diagnoses evaluated included Behçet's disease, Cogan's syndrome, Crohn's disease, dermatomyositis, erythema nodosum, familial systemic granulomatosis, juvenile rheumatoid arthritis, pemphigus, polyarteritis nodosum, polymyositis, rheumatoid arthritis, relapsing polychondritis, sarcoidosis, systemic lupus erythematosus, scleroderma, Sjögren's syndrome, spondyloarthropathies (ankylosing spondylitis, reactive arthritis, psoriatic arthritis, enteropathic arthritis associated with inflammatory bowel disease, undifferentiated spondyloarthropathy), temporal arteritis, Takayasu's disease, ulcerative colitis, and Wegener's granulomatosis. Ophthalmologic examinations documented visual acuity, intraocular pressure (IOP), inflammatory disease activity, and the presence of inflammatory disease sequelae.
MAIN OUTCOME MEASURES
Both the prevalence of hypopyon at cohort entry and the incidence of hypopyon were assessed. To calculate the incidence of hypopyon, patients who were free of hypopyon at the time of cohort entry and had follow-up visits were followed until the first occurrence of hypopyon, until the patient ceased attending the clinic, or until completion of the study. Variables including age, sex, race (black, white, or other), type of uveitis (anterior only, intermediate +/ − anterior, and posterior or panuveitis), primary ocular diagnoses, HLA-B27 status, and the presence of systemic inflammatory disease were assessed as potential risk factors for incident hypopyon.
The incidence rates for worsening or improvement in visual acuity were assessed by the number of eyes per eye-year which worsened to 20/50 or worse (visual impairment) and 20/200 or worse (legal blindness), by the number of eyes that lost or gained 3 lines of visual acuity, and by the number of eyes that improved to 20/40 or better or to 20/200 or better from a worse level of visual acuity at the time of presentation.
The incidence of band keratopathy, posterior synechaie, ocular hypertension (IOP ≥ 21 mm Hg and ≥ 30mm Hg), hypotony (IOP ≤ 5mm Hg), cataract surgery, glaucoma surgery, macular edema and epiretinal membrane among eyes initially free of each of these was noted (the latter two based on clinical exam supplemented by fluorescein angiography or optical coherence tomography when clinically indicated).
STATISTICAL ANALYSIS
The prevalence of hypopyon was calculated as the number of patients with a hypopyon at cohort entry, and a 95% confidence interval (CI) was calculated assuming a binomial distribution. The incidence of hypopyon per person-year among patients initially free of hypopyon who were followed over time was calculated and a 95% confidence interval generated assuming a Poisson distribution. Potential risk factors for incidence of hypopyon were evaluated based on hazard ratios (RRs) and their 95% confidence intervals calculated using Cox regression. 5 The incidence rates of adverse or favorable events in post-hypopyon eyes with respect to eyes that never were observed to have hypopyon were calculated as the number of events per eyeyear assuming a Poisson distribution. Their incidence rates were compared using Poisson regression, adjusting for inter-eye correlation using generalized estimating equations-based methods. 6 The data analyses were performed using SAS v9.1 (SAS Inc, Cary, NC).
Results
CHARACTERISTICS OF THE STUDY POPULATION
A total of 4,911 patients with uveitis were included in this analysis (see Table 1 ). The median age was 39 years, with ages ranging from 4 months to 97 years. Patients were predominantly female (63%) and Caucasian (71%). By anatomic classification of the site of inflammation,7 ; 8 54% had anterior uveitis only, 17% had intermediate (+/− anterior) uveitis, and 29% had posterior or panuveitis. There were 41 cases of hypopyon at the time of cohort entry, a prevalence of 8.4 per 1,000 (95% confidence interval (CI): 6.0-11 per 1,000). Among patients presenting with hypopyon, 15 (37%) patients were HLA-B27 positive, 7 (17%) had a spondyloarthropathy (6 of whom also were HLA-B27 positive), 8 (20%) had Behçet's disease, 1 (2%) had systemic lupus erythematosus, 1 (2%) had inflammatory bowel disease, and 1 (2%) had juvenile idiopathic arthritis. The remaining 15 (37%) cases of hypopyon at the time of presentation occurred in patients not known to have systemic inflammatory conditions or HLA-B27 associated with uveitis.
RISK OF HYPOPYON
Of the total patients included in the study, 2,885 patients were free of hypopyon at the time of presentation and were followed for incidence of hypopyon over 9,451 person-years (Table 2) . Eighty-one (2.8%) developed hypopyon during follow-up, an incidence of 8.57 per 1,000 person-years (95% CI: 6.81 -10.7 per 1,000 person-years). Of these, 19 (23%) were HLA-B27 positive, 12 (15%) had a spondyloarthropathy (HLA-B27 positive or negative), 13 (16%) had Behçet's disease, 6 (7%) had juvenile idiopathic arthritis, 2 (2%) had rheumatoid arthritis, 2 (2%) had sarcoidosis, and 2 (2%) had inflammatory bowel disease. The remaining 25 incident cases (31%) were not known to have systemic inflammatory conditions or HLA-B27 associated with uveitis.
RISK FACTORS FOR HYPOPYON
Crude results regarding risk factors for hypopyon are given in Table 2 ; results adjusted for potential confounding are given in Table 3 . Age, gender, and race were not statistically significant risk factors for incident hypopyon. Patients with intermediate (+/− anterior) uveitis had a lower hypopyon incidence than patients with only anterior uveitis (adjusted relative risk (RR)=0.35, 95 % CI: 0.15 -0.85). Patients with posterior or panuveitis had an incidence of hypopyon similar to that for patients with anterior uveitis only (adjusted RR=0.88, 95% CI: 0.52 -1.51). Among the subset of patients with anterior uveitis only, patients with recurrent acute anterior uveitis tended to have higher incidence of hypopyon than patients with chronic anterior uveitis, but not to a statistically significant degree (crude RR=1.62, 95% CI: 0.89 -2.94).
Systemic inflammatory diagnoses associated with increased risk of incident hypopyon included Behçet's disease (adjusted RR=5.30, 95% CI: 2.76-10.2; see Figure 1 ) and spondyloarthropathy (adjusted RR=2.86, 95% CI: 1.48-5.52). HLA-B27 positivity was strongly correlated with spondyloarthropathy; in a separate multiple regression omitting the spondyloarthropathy variable, positive HLA-B27 status also was associated with increased risk of hypopyon (adjusted RR=2.04, 95% CI: 1.17-3.56; see Figure 2 ). Among patients who were both HLA-B27 positive and diagnosed with a spondyloarthropathy, risk tended to be higher than with either factor alone (crude RR=4.39, 95% CI: 2.26-8.51). Sarcoidosis tended to be associated with lower risk of developing hypopyon (crude RR=0.22, 95% CI: 0.06-0.90, adjusted RR=0.29, 95% CI: 0.07 -1.18).
INCIDENCE OF STRUCTURAL OCULAR COMPLICATIONS AND VISUAL ACUITY CHANGES
Patients with prevalent or incident hypopyon (in aggregate) were followed for a median of 1.56 years after observation of the hypopyon compared to 1.62 years for those never observed to have a hypopyon (p=0.92). The incidences of ocular complications and of visual acuity changes are summarized in Table 4 . Eyes with hypopyon, which often had poor visual acuity at the time hypopyon was observed, were more likely to gain 3 lines of visual acuity thereafter compared to eyes of patients who never developed hypopyon followed from their first clinic visit (crude RR=1.54, 95% CI: 1.05-2.24). Post-hypopyon eyes also had a decreased incidence of developing 20/200 or worse visual acuity (crude RR=0.41, 95% CI: 0.17-0.99) than eyes which never developed hypopyon. There was no difference in the incidence of improvement to 20/40 or better and to 20/200 or better between eyes with and without hypopyon. Post-hypopyon eyes fared similarly or better than eyes never observed to have hypopyon in all of the visual acuity analyses.
The incidences of ocular hypertension (IOP≥21 mm Hg and IO≥30 mm Hg), cataract surgery, macular edema, and epiretinal membrane were similar for post-hypopyon eyes and other eyes with uveitis. The incidences of posterior synechiae (HR=1.64, 95% CI: 0.92 -2.92), hypotony (IOP <5 mm Hg) (HR=1.30, 95% CI: 0.67 -2.55), and glaucoma surgery (HR=1.44, 95% CI: 0.63 -3.25) were somewhat higher in post-hypotony eyes than other eyes, and confidence intervals included the possibility of a two-fold or greater increase in risk following hypopyon, but the differences were not statistically significant. The incidence of band keratopathy was low in both groups, limiting the ability to compare its risk between groups.
Discussion
Our results indicate that hypopyon affects relatively few patients with uveitis, occurring in an estimated 8.57 patients per 1000 person-years (0.86%). In our experience, hypopyon was more common among patients with uveitis limited to the anterior chamber than in patients who had intermediate uveitis as a part of their ocular inflammation, but was nearly as frequent among patients with posterior or panuveitis. The incidence of hypopyon was increased substantially with certain systemic diseases, especially Behçet's Disease-which conferred an approximate 5-fold increased risk of hypopyon-and HLA-B27 positivity which was associated with a twofold or greater increased incidence of hypopyon.
The incidence of hypopyon in our series seems lower than that of D'Alessandro, et al, who observed hypopyon in 4.6% of a series of patients with anterior uveitis. 1 However, because the duration of follow-up was not reported, the results cannot be directly compared. A higher proportion of patients in their series were HLA-B27 positive (40% vs. 8% in our study), which may have contributed to this suggestion of a difference. Both studies found similar associations between HLA-B27 positivity and the incidence of hypopyon: D'Alessandro, et al, reported that 8.6% of patients with HLA-B27 positivity developed hypopyon whereas our study found a 6.0%/person-year (95% CI: 4.0-9.0%) incidence of hypopyon among HLA-B27 positive patients.
Among patients with Behçet's disease, previous studies have reported that 12-35% of patients develop hypopyon (person-years not reported).9 ; 10 In our study, 15.3% of Behcet's Disease patients developed hypopyon during follow-up (a 35.6%/person-year incidence rate). While direct comparison is difficult without comparable denominators,11 to the extent that the incidence of hypopyon in our study may have been on the low end of this spectrum may reflect the aggressive use of systemic immunosuppression implemented in our practices, which were selected to participate in the SITE Cohort Study in part on the basis of frequent use of immunosuppressive therapy. 12 These results suggest that the observation of a hypopyon implies a greater likelihood that Behcet's disease, HLA-B27 positivity, and/or a spondyloarthropathy is present, and perhaps a lower likelihood that sarcoidosis is present. However, the risk ratios are generally not high enough to rule in (or out) these conditions without other corroborating evidence. Because the large majority of patients with all of these conditions did not develop hypopyon, the absence of hypopyon is not a helpful finding for diagnosing associated systemic inflammatory diseases.
Even though hypopyon can be interpreted as an indicator of exceptionally severe inflammation, eyes which developed hypopyon did not appear to suffer adverse visual outcomes more often than other eyes with uveitis. Although the number of events was small for loss of visual acuity to 20/50 or worse and to 20/200 or worse, the estimated hazard in post-hypopyon eyes for each of these outcomes was less than half that in other eyes, making it very unlikely that the subsequent clinical course of post-hypopyon eyes is associated with a substantially higher risk of further visual loss than for other eyes with uveitis. This observation is consistent with a prior study of visual outcomes in patients with Behcet's disease. 3 Indeed, patients who developed hypopyon were more likely to gain 3 lines of vision at any point during follow-up, probably because the hazy media associated with a hypopyon was a reversible cause of vision loss. It is less easy to explain why patients who developed hypopyon were significantly less likely to develop 20/200 or worse visual acuity compared to patients who never developed hypopyon. The theory that more highly symptomatic disease leads to more demand for therapy, which in turn may avert adverse visual outcomes, is one possibility.
Although post-hypopyon eyes did not have a significantly higher incidence of structural ocular complications during subsequent follow-up than other eyes, for some of these outcomes (posterior synechiae, hypotony, glaucoma surgery, band keratopathy) the number of events was small enough that two-fold increases in the risk of an event could be possible given the limited number of events observed. However, the incidence of ocular hypertension, cataract surgery, cystoid macular edema, and epiretinal membrane was similar in the two groups, with estimated risk ratios close to 1 and 95% confidence intervals not consistent with large increases in risk in post-hypopyon eyes relative to other uveitic eyes. Hypopyon is an event sufficiently rare that our sample size was insufficient to ascertain, with reasonable statistical power, the extent to which the prognosis of hypopyon may interact with underlying systemic diagnosis (e.g., Behçet's Disease vs spondyloarthropathies) to affect the risk of subsequent adverse outcomes.
The strengths of this study include the large number of patients with accordingly greater ability to precisely estimate rates and associations than in previous reports. We followed a standardized protocol for chart reviews supported by detailed study documentation and site visiting for protocol enforcement to optimize data quality. In accordance with expert panel recommendations, 8 we used rates of specific outcomes-such as gain of 3 lines of vision, calculated per eye-year-instead of "final visit" outcomes to avoid the bias introduced by reporting proportions based on variable follow-up time.
The limitations of this study arise from its retrospective nature, wherein some hypopyon events may have cleared before being detected, and follow-up is likely less complete than it would have been in a prospective study. Given the severity of symptoms typically associated with hypopyon, and the need for treatment to promptly clear a hypopyon, it is unlikely that large numbers of established patients of ocular inflammation specialists would have been missed when a hypopyon occurred. However, our estimates of the absolute risk of hypopyon may be slightly low because of missed cases. Fortunately, misclassification of a small number of eyes into the very large group without hypopyon should have little impact on relative risk estimates. The problem of incomplete follow-up was addressed in our statistical analysis by using incidence rates and survival analysis, methods which accommodate losses to follow-up. The median follow-up for post-hypopyon eyes and other eyes was similar. Power limitations for some analyses were discussed previously. Another limitation was potential referral bias, because patients were derived from tertiary care centers which tend to have more severe cases than are found in other practice settings. Thus, our estimates of presenting prevalence and incidence are likely high with respect to non-tertiary practice settings. It is possible that HLA-B27 positivity and systemic diseases may have been unrecognized in some cases, in which case the relative risk of hypopyon associated with HLA-B27, Behçet's Disease, and spondyloarthropathy may be underestimated.
In summary, this study indicates that hypopyon is an uncommon occurrence in patients with uveitis, occurring in less than 1% per year, even in tertiary uveitis practices. Behçet's disease, HLA-B27 positivity, and a spondyloarthropathy diagnosis are risk factors for hypopyon. Patients who develop hypopyon do not appear to have increased risk of structural ocular complications or vision loss when managed in a tertiary ocular inflammation practice setting, typically with aggressive topical, oral and/or periocular corticosteroid therapy. Time-to-hypopyon, by HLA-B27 Status Table 2 Risk factors for incidence of hypopyon 
*
For eyes with hypopyon, the initial characteristics reflect those present at the time the hypopyon was first noted. Eyes without hypopyon consist of those never observed to have a hypopyon at presentation or during follow-up. Eye-time prior to occurrence of hypopyon in eyes that later developed a hypopyon is excluded (because such eyes may have had a hypopyon prior to observation). Eyes with only one visit were excluded. Eyes with complications before the hypopyon were excluded from analyses regarding that complication.
